DESCRIPTION 



RECORDING APPARATUS 

TECHNICAL FIELD 

The present invention relates to a recording apparatus for 
reproducing information recorded with density on a recording 
medium by utilizing near-field light. 

BACKGROUND OF THE INVENTION 

In many of the existing information reproducing 
apparatuses, reproduction has being made on information 
recorded on a reproduction-exclusive optical disc represented 
by CDs and CD-ROMs. For example the CD on its surface is 
recorded, as concave-and-convex formed information, with pits 
having a size nearly a wavelength of laser light to be used 
during reproduction and a depth of about one- fourth of that 
wavelength. The phenomenon of light interference is utilized 
in reproducing information. 

Meanwhile, on the market are rewritable recording mediums 
adopting a scheme represented by a magneto-optical recording 
scheme and phase shift recording scheme, realizing high density 
information recording. For example, in the phase change 
recording scheme, laser light is illuminated to a recording 
medium formed on a surface with a phase change film to cause 
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temperature at a laser light illumination spot. By changing 
the intensity of laser light, binary recording due to 
crystalline and amorphous forms has been feasible. The 
information thus recorded is reproduced by illuminating laser 
light to the recording medium with intensity lower than that 
of recording and distinguishing between a crystallization 
phase and an amorphous phase due to the intensity of its 
reflection. 

in reproducing information recorded on the reproduction 
exclusive optical disc, a lens optical system is used which has 
being employed for the conventional optical microscope. Due 
to limitation by light diffraction, it is impossible to reduce 
the spot size of laser light less than a half wavelength. 
Consequently, in the case of further increasing the information 
recording density of the optical disc, the pit size or track 
pitch is reduced and hence the information recording unit is 
reduced to a smaller size than the laser light wavelength. 
Thus, information reproduction is not feasible. 

Meanwhile, in a recording medium recorded with 
information by the magneto-optical recording scheme and phase 
change recording scheme, information recording/reproduction 
with density is realized due to microscopic spot of laser light. 
Accordingly, the information recording density on the 
recording medium is limited to the spot size obtainable by 
focusing laser light. Accordingly, in the conventional optical 
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information recording apparatus adopting a magneto-optical 
recording scheme and phase change recording scheme, it has been 
impossible to reduce the spot size obtained by focusing laser 
light to smaller than a laser light diffraction limit, i.e. a 
half wavelength of laser light. 

On the other hand, there is a proposal of an information 
reproducing method/apparatus utilizing near-field light 
created through a microscopic aperture having a diameter 
smaller than a wavelength of utilized laser light, e.g. 
approximately 1/lOth of the wavelength. 

Conventionally, as an apparatus utilizing near-field 
light there has been a near-field microscope employing a 
microscopic aperture as above, being utilized for observing a 
microscopic surface structure of a sample. As one of near- 
field light utilizing schemes for the near-field microscope, 
there is a scheme ( illumination mode) that the distance between 
a probe microscopic aperture and a sample surface is brought 
close to nearly a diameter of the probe microscopic aperture 
so that propagation light is introduced through the probe and 
directed to the probe microscopic aperture, thereby creating 
near-field light in the microscopic aperture. In this case, 
the created near-field light and the sample surface interact 
with to cause scattering light to be detected by a scattering 
light detecting system, accompanied by an intensity or phase 
reflecting a sample surface fine structure. Thus, observation 
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is possible with high resolution not realizable by the 
conventional optical microscope. 

Meanwhile^ as another scheme of a near-field microscope 
utilizing near-field light, there is a scheme (collection mode) 
that propagation light is illuminated to a sample to localize 
near-field light on a sample surface whereby the probe 
microscopic aperture is brought close to the sample surface 
nearly to an extent of a diameter of the probe microscopic 
aperture. In this case, the localized near-field light and the 
probe microscopic aperture interact to cause scattering light 
to be introduced to a scattering light detecting system through 
the probe microscopic aperture, accompanied by an intensity or 
phase reflecting a sample surface fine structure. Thus, high 
resolution observation is realized. 

The information reproducing method/ apparatus utilizing 
near-field light as mentioned above utilizes these observation 
schemes for the near-field microscope. 

Accordingly, the utilization of near-field light makes 
possible information reproduction from the information 
recording medium recorded exceeding the recording density on 
the conventional information recording medium. 

In the meanwhile, in order to realize reproduction of 
information recorded on the recording medium through utilizing 
near-field light mentioned above, there is a necessity for 
probe proximity control technology to bring a probe microscopic 
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aperture portion as an optical head and a surface of the 
recording medium to a fully-close distance of from several 
nano-meters to 10 nano-meters. 

In the conventional hard disc technologies , there is a 
fling head technology to bring a recording head and a recording 
medium close to each other. The float amount of the flying head 
from a recording medium surface is about from 50 nano-meters 
to 100 nano-meters, which value is too great to realize 
information reproduction utilizing near-field light. 

On the other hand, the scanning probe microscopes (SPM) 
represented by the scanning tunnel microscope (STM) or atomic 
force microscopy (AFM) are used in order to observe nano-meter 
order microscopic regions on sample surfaces. The SPM uses a 
tip sharpened probe to detect a physical amount, such as a 
tunneling current or inter-atomic force caused between the robe 
and the sample surface, whereby scanning is made on the sample 
surface in proximity to the sample surface to obtain high 
resolution image. 

Accordingly, this SPM probe proximity technology is 
applicable to a near-field microscope or a recording apparatus 
utilizing near-field light. Thus, the recording medium and the 
probe microscopic aperture at its tip can be kept in a fully 
closed state. 

In this case, however, there arises a need to detect by 
respective unique mechanisms a physical amount replaced by 



information recorded on the recording medium^ or near-field 
light, and a physical amount required to effect proximity 
control of the probe, or inter-atomic force, making complicate 
the overall apparatus structure. 

Also, because the SPM probe proximity technology requires 
a sharpened tip for the probe, it is not necessarily an optimal 
method for the near-field microscopes using a flat-surface 
probe without having a sharpened tip or the recording 
apparatuses utilizing near-field light. 

Meanwhile, near-field light mentioned above abruptly 
attenuates in a z direction provided that a line connecting 
between the probe and the recording medium is defined as a z. 
direction- Accordingly, the probe if deviates in position 
toward z direction from the recording medium surface due to a 
certain cause induces variation in the output signal. The 
presence or absence of a data mark on the recording medium 
increases and decreases the output signal. Thus, there has been 
a problem that, when there is change in the output signal, it 
cannot be deteirmined whether that is due to the presence of the 
data mark or due to deviation in probe position in the z 
direction - 

There is a method for controlling the probe z.-direction 
position by mechanically vibrating the probe in the z. direction 
to keep the amplitude constant. However, this result in giving 
a physical impact to the recording medium surface, incurring 
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damage to the recording medium and probe. Meanwhile, there has 
been difficulty in reducing apparatus size due to probe 
vibration control and amplitude detecting mechanism. 

Therefore, it is an object of the present invention to 
provide in view of the above-stated problems a recording 
apparatus to realize, with a simple structure, reproducing and 
recording information reliably for a recording medium having 
high density record. 

DISCLOSURE OF THE INVENTION 

In order to achieve the above object, a recording 
apparatus according to the present invention is, in a recording 
apparatus for reproducing or recording information recorded on 
a recording medium by utilizing near-field light, the recording 
apparatus, characterized in that: light is illuminated to the 
recording medium to create near-field light on a surface of the 
recording medium, and a probe having a microscopic aperture 
being brought into proximity to the surface of the recording 
medium; an intensity of propagation light being detected to 
control a distance between the microscopic aperture and the 
recording medium based on the intensity of the propagation 
light. 

Accordingly, achieved is reproduction of high density 
information recorded on a recording medium by utilizing 
near-field light. Simultaneously, similarly utilizing 
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near-field light, control is possible for a distance between 
the microscopic aperture of the aperture element and the 
recording medium. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing information recorded 
on a recording medium by utilizing near-field light, the 
recording apparatus, comprising: an aperture element having a 
microscopic aperture to create or scatter near-field light; a 
light illuminating means for illuminating illumination light 
to the recording medium such that near-field light is created 
on a surface of the recording medium; a light detecting means 
for detecting propagation light caused by scattering the 
near-field light by the microscopic aperture to turning this 
into a reproduced signal; a control means for controlling a 
spacing between the aperture element and the recording medium 
based on the reproduced signal. 

Accordingly, achieved is reproduction of high density 
information recorded on a recording medium by utilizing 
near-field light. Simultaneously, from the reproduced signal 
a distance control signal representative of a distance between 
the microscopic aperture of the aperture element and the 
recording medium can be obtained by the distance control signal 
deriving means. Based on the distance control signal, the 
aperture element and the recording medium can be held in a 
proximity state. 
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Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by utilizing 
near-field light, the recording apparatus, comprising: an 
aperture element having a microscopic aperture to create or 
scatter near-field light; a light illuminating/recording means 
for introducing illumination light to the microscopic aperture 
such that near-field light is created in the microscopic 
aperture; a light detecting means for detecting propagation 
light caused by scattering the near-field light by the 
recording metiium to turning this into a reproduced signal; a 
control means for controlling a spacing between the aperture 
element and the recording medium based on the reproduced 
signal. 

Accordingly, reproduction of high density information 
recorded on the recording medium and holding the aperture 
element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Also, by 
comparatively increasing the intensity of illumination light 
introduced to the microscopic aperture, intense near-field 
light can be created. Localized thermal energy illumination 
makes possible also information recording. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing information recorded 
on a recording medium by utilizing near-field light, the 
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recording apparatus, comprising: an aperture element having a 
microscopic aperture to create or scatter near-field light; a 
light illuminating means for illuminating illumination light 
having a definite wavelength width or a plurality of 
wavelengths to the recording medium such that near-field light 
is created on a surface of the recording medium; a scattering 
light detecting means for detecting scattering light caused as 
a result of interaction of the near-field light with the 
recording medium or the aperture element correspondingly to the 
wavelength of the illumination light; a control means for 
controlling a spacing between the aperture element and the 
recording medium based on the scattering light. 

Accordingly/ reproduction of high density infomation 
recorded on the recording medium and holding the aperture 
element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Furthermore, it is 
possible to positively separate a reproduced signal and a 
distance control signal for performing proximity control on the 
aperture element, by utilizing and assigning different 
wavelengths respectively to the illumination light used to 
reproducing information recorded on the reproducing medium and 
the illumination light used to perform proximity control on the 
aperture element. Also, because scattering light is detected 
correspondingly to different wavelengths of illumination 
light, distance information about the reproduce probe and 
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information recording medium is obtained by utilizing the 
difference of scattering light intensity in dependence upon the 
illumination light wavelength. Information reproduction and 
control of the probe in the z-axis direction position can be 
made without vibration of the probe in the z-axis direction. 
This makes unnecessary the probe z-direction vibration 
mechanism and z-axis amplitude detecting mechanism, making 
possible simple apparatus structure. Also, distance control 
makes unnecessary the detection of a signal peak. Also, because 
there is no physical contact of the probe with the information 
recording medium, reduced is damage to the probe and 
information recording medium. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by uti?iizing 
near-field light, the recording apparatus, comprising: an 
aperture element having a microscopic aperture to create or 
scatter near-field light; a light illuminating/recording means 
for illuminating illumination light having a definite 
wavelength width or a plurality of wavelengths to the 
microscopic aperture such that near-field light is created in 
the microscopic aperture, and recording information to the 
recording medium through illumination light having one of the 
plurality of wavelengths; a scattering light detecting means 
for detecting scattering light caused as a result of 
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interaction of the near-field light with the recording medium 
or the aperture element correspondingly to the wavelength of 
the illumination light; a control means for controlling a 
spacing between the aperture element and the recording medium 
based on the scattering light. 

Accordingly / reproduction of high density information 
recorded on the recording medium and holding the aperture 
element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Further, it is 
possible to positively separate a reproduced signal and a 
distance control signal for performing proximity control on the 
aperture element, by utilizing and assigning different 
wavelengths respectively to the illumination light used to 
reproducing information recorded on the reproducing medium and 
the illumination light used to perform proximity control on the 
aperture element. Also, by comparatively increasing the 
intensity of illumination light introduced to the microscopic 
aperture, intense near-field light can be created. Localized 
thermal energy illumination makes possible also information 
recording . 

Also, a recording apparatus according to the invention is, 
in any one invention of claim 4 or 5, the plurality of wavelength 
of the illumination light is switched in time. 
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Accordingly/ compact apparatus structure is feasible due 
to emitting a £>lurality of wavelengths of light by the single 
light source. 

Also, a recording apparatus according to the invention is, 
in any one invention of claim 4 or 5, the scattering light 
detecting means has a selection wavelength to be switched in 
time. ^ 

Accordingly, compact apparatus structure is feasible due 
to receiving the scattering light by the single light receiving 
element, in addition to the effect of claim 4 or 5. 

Also, a recording apparatus according to the invention is, 
in any one invention of claim 4 or 5, the wavelength of the 
illumination light is plurality in number to be simultaneously 
inputted . 

Accordingly, further compact apparatus structure is 
feasible because of unnecessity of a mechanism to select an 
input light wavelength, in addition to the effect of claim 4 
or 5 . 

Also, a recording apparatus according to the invention is, 
in any one invention of claim 4 or 5, the scattering light 
detecting means has a plurality of light receiving means to 
receive correspondingly to respective ones of different 
wavelengths of the illumination light. 

Accordingly, the wavelength selecting means is simplified 
and hence compact apparatus structure is feasible, because the 



unnecessity of switching in time between selective wavelengths 
when the light receiving element receives scattering light. 

Also, a recording apparatus according to the invention is, 
in any one invention of claim 4 or 5, the illumination light 
comprises a plurality of wavelength components, the 
illumination light having a definite width of a wavelength 
width with respect to respective ones of the plurality of 
wavelengths. 

Accordingly, in addition to the effect of claim 4 or 5, 
because the input means allows the input light wavelength to 
have a width, increased are the kinds of input means to be 
utilized. As a result, the kinds of wavelengths are increased 
to be utilized. This makes it easy to utilize a wavelength for 
accurately control the distance between the probe and the 
information recording medium. 

Also, a recording apparatus according to the invention is, 
in any one invention of claim 4 or 5, the illumination light 
has a wavelength having a definite width, a wavelength 
selecting means selecting one part of the width. 

Accordingly, in addition to the effect of claim 4 or 5, 
simpler structure is realized because the input light must not 
be limited in wavelength, such as to laser. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing information recorded 
on a recording medium by utilizing near-field light, the 
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recording apparatus, comprising: an aperture element having a 
microscopic aperture to create or scatter near-field light; a 
light illuminating means for illuminating illumination light 
mixed with different two of modulation frequency light to the 
recording medium such that near-field light is created on a 
surface of the recording medium; a first light detecting means 
for scattering the created near-field light by the microscopic 
aperture and detecting propagation light having one of the two 
modulation frequencies, turning this into a reproduced signal; 
a second light detecting means for scattering the created 
near-field light by the microscopic aperture and detecting 
propagation light having the other of the two modulation 
frequencies, turning this into a control signal; a control 
means for controlling a spacing between the aperture element 
and the recording medium based on the control signal. 

Accordingly, reproduction of high density information 
recorded on the recording medium and holding the aperture 
element and the recording medium can be held in a proximity 
state both by utilizing near-field light. Furthermore, it is 
possible to positively separate a reproduced signal and a 
distance control signal for performing proximity control on the 
aperture element, by utilizing and assigning different 
wavelengths respectively to the illumination light used to 
reproducing information recorded on the reproducing medium and 
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the illumination light used to perform proximity control on the 
aperture element. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by utilizing 
near-field light, the recording apparatus, comprising: an 
aperture element having a microscopic aperture to create or 
scatter near-field light; a light illuminating /recording means 
for illuminating illumination light mixed with different two 
modulation frequencies to the microscopic aperture to create 
near-field light in the microscopic aperture, and recording 
information to the recording medium through illumination light 
having one of at least the two modulation frequencies; a first 
light detecting means for scattering the created near-field 
light by the microscopic apertute and detecting propagation 
light having one of the two modulation frequencies, turning 
this into a reproduced signal; a second light detecting means 
for scattering the created near-field light by the microscopic 
aperture and detecting propagation light having the other of 
the two modulation frequencies, turning this into a control 
signal; a control means for controlling a spacing between the 
aperture element and the recording medium based on the control 
signal. 

Accordingly, reproduction of high density information 
recorded on the recording medium and holding the aperture 
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element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Furthermore, it is 
possible to positively separate a reproduced signal and a 
distance coritroL signal for performing proximity control on the 
aperture element, by utilizing and assigning different 
wavelengths respectively to the illumination light used to 
reproducing information recorded on the reproducing medium and 
the illumination light used to perform proximity control on the 
aperture element* Also, by comparatively increasing the 
intensity of illumination light introduced to the microscopic 
aperture, intense near-field light cafi be created. Localized 
thermal energy illumination makes possible also information 
recording. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by utilizing 
near-field light, the recording apparatus, comprising: an 
aperture element having two microscopic apertures to create or 
scatter near-field light; a light illuminating means for 
illuminating illumination light to the recording medium such 
that near-field light is created on a surface of the recording 
medium; a first light detecting means for detecting propagation 
light caused by scattering the near-field light by one of the 
microscopic apertures, turning this into a reproduced signal; 
a second light detecting means for detecting propagation light 
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caused by scattering the near-field light by the other of the 
microscopic apertures, turning this into a control signal; a 
control means for controlling a spacing between the aperture 
element and the recording medium based on the control signal* 
Accordingly, reproduction of high density information 
recorded on the recording medium and holding the aperture 
element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Furthermore, because 
the aperture element is formed independently with a microscopic 
aperture used to reproduce information recorded on the 
recording medium and a microscopic aperture used to perform 
proximity control of the aperture element, it is more 
positively separate a reproduced signal and a distance control 
signal for performing proximity control of the aperture 
element • 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by utilizing 
near-field light, the recording apparatus, comprising: an 
aperture element having two microscopic apertures to create or 
scatter near-field light; a first light illuminating means for 
illuminating illumination light to the recording medium such 
that near-field light is created on a surface of the recording 
medium; a second light illuminating/recording means for 
illuminating illumination light to one of the microscopic 
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apertures such that near-field light is created in the 
microscopic aperture; a first light detecting means for 
detecting propagation light caused by scattering the near- 
field light by one of the microscopic apertures, turning this 
into a reproduced signal; a second light detecting means for 
detecting propagation light caused by scattering the near- 
field light by the other of the microscopic apertures, turning 
this into a control signal; a control means for controlling a 
spacing between the aperture element and the recording medium 
based on the control signal. 

Accordingly, reproduction of high density information 
recorded on the recording medium and holding the aperture 
element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Furthermore, because 
the aperture element is formed independently with a microscopic 
aperture used to reproduce information recorded on the 
recording medium and a microscopic aperture used to perform 
proximity control of the aperture element, it is more 
positively separate a reproduced signal and a distance control 
signal for performing proximity control of the aperture 
element. Furthermore, by comparatively increasing the 
intensity of illumination light introduced to the microscopic 
aperture by the second light illuminating means, intense 
near-field light can be created. Localized thermal energy 
illumination makes possible also information recording. 
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Also, a recording apparatus according to the invention is , 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by utilizing 
near-field light, the recording apparatus, comprising: an 
aperture element haying two microscopic apertures to create or 
scatter near-field light; a light illuminating/recording means 
for introducing illumination light to one of the microscopic 
apertures such that near-field light is created in the 
microscopic aperture; a light illuminating means for 
introducing illumination light to the other of the microscopic 
apertures such that near-field light is created in the 
microscopic aperture; a first light detecting means ^ for 
detecting propagation light caused by scattering the near- 
field light by one of the microscopic apertures, turning this 
into a reproduced signal; a second light detecting means for 
detecting propagation light caused by scattering the near- 
field light by the other of the microscopic apertures, turning 
this into a control signal; a control means for controlling a 
spacing between the aperture element and the recording medium 
based on the control signal* 

Accordingly, reproduction of high density information 
recorded on the recording medium and holding the aperture 
element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Furthermore, because 
the aperture element is formed independently with a microscopic 
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aperture used to reproduce information recorded on the 
recording medium and a microscopic aperture used to perform 
proximity control of the aperture element^ it is more 
positively separate a reproduced signal and a distance control 
signal for performing proximity control of the aperture 
element. Furthermore, by comparatively increasing the 
intensity of illumination light introduced to the microscopic 
aperture, intense near-field light can be created. Localized 
thermal energy illumination makes possible also information 
recording. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by utilizing 
near-field light, the recording apparatus, comprising: an 
aperture element having two microscopic apertures to create or 
scatter near-field light; a light illuminating/recording means 
for introducing illumination light to one of the microscopic 
apertures such that near-field light is created in the 
microscopic aperture; a light illuminating means for 
illuminating illumination light to the other of the microscopic 
apertures such that near-field light is created in the 
microscopic aperture; a first light detecting means for 
detecting propagation light caused by scattering the near- 
field light by one of the microscopic apertures, turning this 
into a reproduced signal; a second light detecting means for 
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detecting propagation light caused by scattering the near- 
field light by the other of the microscopic apertures , turning 
this into a control signal; a control means for controlling a 
spacing between the aperture element and the recording medium 
based on the control signal. 

Accordingly, reproduction of high density information 
recorded on the recording medium and holding the aperture 
element and the recording medium in a proximity state can be 
made both by utilizing near-field light. Furthermore, because 
the aperture element is formed independently with a microscopic 
aperture used to reproduce information recorded on the 
recording medium and a microscopic aperture used to perform 
proximity control of the aperture element and further near- 
field light is formed by different creating methods that is 
utilized for reproducing information recorded on the recording 
medium and proximity control of the aperture element to the 
recording medium, it is more positively separate and detect a 
reproduced signal and a distance control signal for performing 
proximity control of the aperture element without interference 
between the respective ones of near-field light. Furthermore, 
by comparatively increasing the intensity of illumination 
light introduced to the microscopic aperture, intense near- 
field light can be created. Localized thermal energy 
illumination makes possible also information recording. 
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Also, a recording apparatus according to the invention is, 
in any one invention of claims 14 to 17, the aperture element 
is provided with a step in a thickness direction to have a first 
bottom surface and a second bottom surface, the first bottom 
surface being provided with the one of microscopic apertures , 
the second bottom surface being provided with the other of 
microscopic apertures; the control means calculating a 
relative value of the reproduced signal detected by the first 
light detecting means and the signal detected by the second 
light detecting means, and controlling the spacing between the 
aperture element and the recording medium based on the relative 
value. 

Accordingly, the provision of a step in the bottom surface 
of the aperture element causes difference in intensity of 
propagation light to be detected. A relative value of between 
signals to be detected by the respective two microscopic 
apertures is used as a distance control signal for performing 
proximity control of the aperture element. Accordingly, even 
where for example the information on the recording medium 
cannot be fully detected and hence an intense reproduced signal 
cannot be obtained, the distance control signal is used as a 
ratio to the reproduced signal to thereby stably obtain ajri 
intensity. Thus, reliable proximity control of the aperture 
element can be made. 
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Alsor a recording apparatus of the invention is, in a 
recording apparatus for reproducing information recorded on a 
recording medium by utilizing near-field light r the recording 
apparatus, comprising: an aperture element having a 
microscopic aperture to create or scatter near-field light; a 
light illuminating means for illuminating illumination light 
to the recording medium such that near-field light is created 
on a surface of the recording medium; a light detecting means 
for detecting propagation light caused by scattering the 
near-field light by the microscopic aperture; a vertical fine 
vibrating means for causing the microscopic aperture in a 
thickness direction of the aperture element; a control means 
for rendering as a reproduced signal a signal detected by the 
light detecting means when the microscopic aperture reaches a 
desired height due to the vertical fine vibrating means and as 
a to-be-operated signal a signal detected by the light 
detecting means when the microscopic aperture reaches a point 
above the desired height due to the vertical fine vibrating 
means, and calculating a relative value of the reproduced 
signal and the to-be-operated signal to control a spacing 
between the aperture element and the recording medium based on 
the relative value. 

Accordingly, the vertical vibration of one microscopic 
aperture changes a position scattering near-field light. 
Because a relative value of a signal to be detected at a desired 
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height of the microscopic aperture, i.e. reproduced signal, and 
a signal to be detected at an above point than the desired height 
of the microscopic aperture, i.e. to-be-detected signal, is 
used as a distance control signal. Accordingly, even where for 
example the inf omation on the recording medium cannot be fully 
detected and hence an intense reproduced signal cannot be 
obtained, the distance control signal is used as a ratio to the 
reproduced signal to thereby stably obtain an intensity. Thus, 
reliable proximity control of the aperture element can be made. 

Also, a recording apparatus according to the invention is, 
in a recording apparatus for reproducing or recording 
information recorded on a recording medium by utilizing 
near-field light, the recording apparatus, comprising: an 
aperture element having a microscopic aperture to create or 
scatter near-field light; a light illuminating /recording means 
for introducing illumination light to the microscopic aperture 
such that near-field light is created in the microscopic 
aperture? a light . detecting means for detecting propagation 
light caused by scattering the near-field light by the 
microscopic aperture; a vertical fine vibrating means for 
causing the microscopic aperture in a thickness direction of 
the aperture element; a control means for rendering as a 
reproduced signal a signal detected by the light detecting 
means when the microscopic aperture reaches a desired height 
due to the vertical fine vibrating means and as a to-be-operated 
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signal a signal detected by the light detecting means when the 
microscopic aperture reaches a point above the desired height 
due to the vertical fine vibrating means, and calculating a 
relative value of the reproduced signal and the to-be-operated 
signal to control a spacing between the aperture element and 
the recording medium based on the relative value. 

Accordingly, the vertical vibration of one microscopic 
aperture changes a position scattering near-field light. 
Because a relative value of a signal to be detected at a desired 
height of the microscopic aperture, i.e. reproduced signal, and 
a signal to be detected at an above point than the desired height 
of the microscopic aperture, i.e. to-be-detected signal, is 
used as a distance control signal. Accordingly, even where for 
example the information on the recording medium cannot be fully 
detected and hence an intense reproduced signal cannot be 
obtained, the distance control signal is used as a ratio to the 
reproduced signal to thereby stably obtain an intensity. Thus, 
reliable proximity control of the aperture element can be made. 
Furthermore, by comparatively increasing the intensity of 
illumination light introduced to the microscopic aperture, 
intense near-field light can be created. Localized thermal 
energy illumination makes possible also information recording. 

Also, a recording apparatus according to the invention is, 
in any one invention of claims 1 to 20, further comprising a 
horizontal fine vibrating means for causing the aperture 
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element to finely vibrate in a direction perpendicular to a 
direction of arrangement of information units recorded on the 
recording medium and a direction parallel with a surface of the 
recording medium, and a position control means for controlling 
a position of the aperture element such that the reproduced 
signal becomes a maximum in a vibration center of fine vibration 
due to horizontal fine vibrating means. 

Accordingly, made possible is position control in a 
direction perpendicular to a direction of arranging 
information units on the recording medium and parallel with the 
recording medium surface, i.e. tracking control. Because this 
tracking control provides a stable reproduced signal, 
proximity control utilizing this reproduced signal is also 
positive, thus improving reliability of information 
reproduction . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 1 of the 
present invention; 

Fig. 2 is a view showing another example of a Z-axis 
control mechanism in a recording apparatus according to the 
invention; 

Fig. 3 is a block diagram showing a modification to the 
recording apparatus according to Embodiment 1 of the invention; 
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Fig* 4 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 2 of the 
invention; 

Fig. 5 is a block diagram showing a modification to the 
recording apparatus according to Embodiment 2 of the invention; 

Fig. 6 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 3 of the 
invention; 

Fig. 7 is a figure showing a dependency of near-field 
intensity to a distance between a probe and a recording medium 
surface. 

1 riEig^ 8-is la top^iew?of one^par^ of an' inforiaation:' recording 
medium 206; 

Fig. 9 is a figure showing difference in output light 
intensity due to the presence or absence of a data mark 220 for 
a wavelength = 515 nm. 

4 : Fig. 10 is a figure showing, by combining Fig. 7 and Fig. 
9, a dependency of ioutput signal intensity against an input 
wavelength and the presence or absence of a data mark; 

Fig. 11 is a block diagram showing a schematic structure 
of an information reproducing apparatus according to 
Embodiment 4 of the invention; 

Fiq. 12 is a block diagram showing a schematic structure 
of an information reproducing apparatus according to 
Embodiment 5 of the-.invention? 
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Fig. 13 is a block diagram showing a schematic structure 
of an information reproducing apparatus according to 
Embodiment 6 of the invention; 

Fig. 14 is a block diagram showing a schematic structure 
of an information reproducing apparatus according to 
Embodiment 7 of the invention; 

Fig. 15 is a block diagram showing a schematic structure 
of an information reproducing apparatus according to 
Embodiment 8 of the .invention; 

Fig. 16 is a block diagram showing a modification to the 
information reproducing apparatus according to Embodiment 8 of 
the invention; 

Fig. 17 is a block diagram showing another example of an 
aperture element of a recording apparatus according to the 
invention; 

Fig. 18 is a block diagram showing another example of an 
aperture element of a recording apparatus according to the 
invention; 

Fig. 19 is a block diagram showing another example of an 
aperture element of a recording apparatus according to the 
invention; 

Fig. 20 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 9 of the 
invention; 
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Fig. 21 is a block diagram showing a modification to the 
recording apparatus according to Embodiment 9 of the invention; 

Fig. 22 is a block diagram showing another modification 
to the recording apparatus according to Embodiment 9 of the 
invention; 

Fig. 23 is a block diagram showing another modification 
to the recording apparatus according to Embodiment 9 of the 
invention; 

Fig. 24 is a block diagram showing an aperture element of 
a recording apparatus according to Embodiment 10 of the 
invention; 

Fig. 25 is a block diagram showing another example of an 
aperture element of a recording apparatus according to 
Embodiment 10 of the invention; 

Fig. 26 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 11; 

Fig. 27 is a block diagram showing another example of the 
recording apparatus according to Embodiment 11; 

Fig. 28 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 12. 

BEST MODE FOR PRACTICING THE INVENTION 

Embodiments of recording apparatuses according to the 
present invention will be explained below in detail based on 
the drawings. 



(Embodiment 1) 

Fig. 1 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 1. 

An aperture element 11 is a flat-surface substrate formed, 
for example, of a silicon substrate, through which an inverted 
conical hole is formed to have its apex providing for a 
microscopic aperture 12. The microscopic aperture 12 is of a 
size suited for create or scatter near-field light, and has a 
diameter, for example, of several tens of nano-meters. 
Further, a Z-axis control mechanism 14 is provided on the 
aperture element 11 to control the microscopic aperture 12 in 
proximity to a recording medium 10. The Z-axis control 
mechanism .14 is of a fine displacing mechanism, such as a 
piezoelectric actuator or electrostatic actuator. 

Meanwhile, the Z-axis control mechanism 14 may be a 
control mechanism applied with a flying head structure as shown 
in Fig. 2. in Fig. 2, the aperture element 21 serves also as 
a slider for a flying head technique and is formed with a 
microscopic aperture 22 similar to the above microscopic 
aperture 12. Further, the aperture element 21 is held by a 
spring mechanism 23 and urged onto a surface of a recording 
medium 10 through elasticity of the spring mechanism 23. The 
spring mechanism 23 is connected to a spring control mechanism 
24 . The spring control mechanism 24 can cause a support portion 
of the spring mechanism 23 on a spring control mechanism 24 side 
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to displace in height. This displacement control makes 
possible proximity control of the aperture element 21 to the 
recording medium 10. 

In Fig. 1, in order to reproduce information recorded on 
the recording medium 10 by utilizing near-field light, first 
there is a necessity of controlling the aperture element 11 in 
a vertical direction to a surface of the recording medium 10 
such that the microscopic aperture 12 is brought into full 
proximity to the surface of the recording medium 10. Near- 
field light is utilized as a physical quantity to be detected 
for proximity control, similarly to a physical quantity to be 
detected for information reproduction. 

Laser light 20 is illuminated directed from a back side 
of the recording medium 10 to the surface of the recording 
medium 10, preferably under a total reflection condition to the 
backside of the recording medium 10, Due to this, near-field 
light is created and localized in the surface of the recording 
medium 10. The aperture element 11 is brought into proximity 
to the recording medium 10 such that the microscopic aperture 
12 is positioned in a region of the localized near-field light. 
In this case, the 2-axis control mechanism 14 provided on the 
aperture element 11 is a mechanism to control a fine 
displacement of the aperture element 11. Accordingly, a 
control mechanism, such as an inch worm motor, may be added to 
implement control of the aperture element 11 over a 
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comparatively large distance of from a distance that the 
aperture element 11 is fully distant from the recording medium 
10 to a distance that raises requirement to control by a Z- 
axis control mechanism 14. 

When the microscopic aperture 12 is inserted in the 
localized near-field light region on the recording medium 10, 
the near-field light is scattered by the microscopic aperture 
12. The scattered light (propagation light) is introduced 
through . the microscopic aperture 12 to a focusing optical 
system 15 placed above the microscopic aperture 12. Thus, 
detection of near-field light is achieved in a collection mode 
as stated before. The propagation light introduced to the 
focusing optical system 15 is introduced through a mirror 16 
to a light detecting mechanism 17 and converted into an electric 
signal to be processed into a reproduced signal. Here, the 
focusing optical system 15 is, for example, a lens optical 
system, optical fiber optical system or light guide or the like. 
Also, the light detecting mechanism 17 is, for example, a 
multiplier phototube, photodiode or the like. The reproduced 
signal outputted from the light detecting mechanism 17 is sent 
to a control mechanism 19 and to a peak detecting mechanism 18. 
The peak detecting mechanism 18 derives a maximum value in 
intensity of the reproduced signals within a predetermined 
signal detection time or a predetermined number of times of 
sampling, i.e. a peak signal, and sends the peak signal to the 
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control mechanisn, 19. The data marK or a ,ap length between 
data marks is defined of its upper and lower limits, typically 
approximately 8 times a minimum unit length. If the ttae for 
which the peak detecting mechanism 18 detects a signal is set 
to a time required for scanning over an upper limit of the data 
mark length by a probe, it is possible to detect a data mark 
within a signal detection tl^e without fail. The control 
mechanism 19 transmits . control signal to the Z-axis control 
mechanism 14 in order to control the microscopic aperture 12 
such that a value represented by a peak signal is held that is 
transmitted from the peak detecting mechanism 18, thus 
controlling the position 6£ the aperture element 11. Also, in 
the control mechanism 19 determination is made on a recording 
condition of information in a reproduce position where the 
microscopic aperture 12 is positioned, due to the reproduced 
signal directly received from the light detecting mechanism 17 , 
thus achieving information reproduction. 

Accordingly, it is possible for the high density 
information recorded on the recording medium 10 to be achieved 
of reproduction utilizing near-f ield light. At the same time, 
the peak signal detecting mechanism 18 can process the 
reproduced signal as a distance signal representative of a 
distance between the microscopic aperture 12 of the aperture 
element 11 and the recording medium 10. Based on the distance 
signal, the aperture element 11 and the recording medium 10 can 
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be held in a proximity state. By using in this manner near-field 
light for physical quantities to be detected both in 
information reproduction and microscopic aperture 12 proximity 
control, a probe proximity control mechanism as conventionally 
required in a recording apparatus utilizing near-field light 
is excluded which utilizes other physical quantity than 
near-field light. Thus, the recording apparatus can be 
simplified in structure. Furthermore, it is possible to 
provide for a recording apparatus which uses a reproducing 
probe (flat-surface probe) without having a sharpened tip as 
explained above - 

Fig. 3 is a block diagram showing, in the recording 
apparatus explained in Fig. 1, a schematic structure of the 
recording apparatus in a case of detecting near-field light in 
the afore-said illumination mode. Incidentally, the parts 
common to those of Fig. 1 are attached by the same reference 
characters . 

In Fig. 3, the laser light emitted from a laser light 
source 25 is introduced through the mirror 26 to the light 
illumination optical system 27, and illuminated directed to the 
microscopic aperture 12 through the inverted conical hole in 
the aperture element 11. Due to this, near-field light is 
created in the microscopic aperture 12. The aperture element 
11 is brought into proximity to the recording medium 10 such 
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that the surface of the recording medium 10 is positioned in 
a region of the created near-field light. 

If the near-field light created by the microscopic 
aperture 12 reaches the surface of the recording medium 10, the 
near-field light is scattered by a fine structure on the surface 
of the recording medium 10. The scattered light (propagation 
light) is introduced to the focusing optical system 15 arranged 
on the back side of the recording medium 10. Thus, detection 
of the near-field light is achieved in the afore-said 
illumination mode. The propagation light introduced into the 
focusing optical system 15 is introduced to the light detecting 
mechanism 17 through the mirror 16 arranged on the back side 
of the recording medium 10 and converted into an electric signal 
to be turned into a reproduced light. The reproduced light 
outputted from the light detecting mechanism 17 is transmitted 
to the. control mechanism 19 and sent to the peak detecting 
mechanism 18. The control mechanism 19 sends a control signal 
to the z-axis control mechanism 14 based on a peak signal sent 
from the peak detecting mechanism 18, as explained in Fig. 1, 
to conduct position control for the aperture element 11. Based 
on the reproduced signal received from the light detecting 
mechanism 17, determination is made on a recording state of 
information in a reproducing position that the microscopic 
aperture 12 is arranged. 
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Consequenty, it is possible to reproduce the high density 
information recorded on the recording medium 10 and hold a 
proximity state for the aperture element 11 and the recording 
medium 10, both through utilization of near-field light. Thus, 
the recording apparatus is simplified in structure. Further, 
a reproducing probe (flat-surface probe) without having a 
sharpened tip can be used in a recording apparatus. Also, 
because the illumination mode is adopted for detecting 
near-field light, the comparatively increased intensity of 
laser light to be introduced to the microscopic aperture makes 
possible to create intense near-field light, enabling 
localized thermal energy' illumination. Therefore, besides 
reproduction of information recorded high in density, 
recording information with density is possible due to providing 
thermal energy. 
(Embodiment 2) • 

Fig. 4 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 2. 
Incidentally, the parts common to those of Fig. 1 are attached 
by the same reference characters. 

In Fig. 4, laser light 29 is illuminated directed from a 
back side of the recording medium 10 to the surface of the 
recording medium 10, preferably under a total reflection 
condition to the backside of the recording medium 10. Due to 
this, near-field light is created and localized in the surface 
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of the recording medium 10, The aperture element 11 is brought 
into proximity to the recording medium 10 such that the 
microscopic aperture 12 is positioned in a region of the 
localized near-field light. Here^ the laser light 29 is light 
having two different wavelengths from each other, i.e. mixed 
with information reproducing laser light (wavelength XI) and 
distance controlling laser light (wavelength X2). The 
near-field light localized on the surface of the recording 
medium 10 includes two wavelength different from each other. 

When the microscopic aperture 12 is inserted in the 
localized near-field light region on the recording medium 10/ 
the near-field light is scattered by the microscopic aperture 
12. The scattered light (propagation light) is introduced 
through the microscopic aperture 12 to a focusing optical 
system 15 placed above the microscopic aperture 12. Thus, 
detection of near-field light is achieved in the collection 
mode. The propagation light introduced to the focusing optical 
system 15 contains two different wavelength components (X.1 and 
X2) similarly to the scattered near-field light, which is 
separated of wavelength through a dichroic mirror 31. One 
(wavelength of XI) of the propagation light wavelength- 
separated by the dichroic mirror 31 is introduced to the light 
detecting mechanism 3 6 through a transmission mirror 3 2 and 
optical filter 34, while the other (wavelength of X2) is 
reflected and then introduced through an optical filter 33 to 
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a light detecting mechanism 35. Here, the optical filter 34 
is a filter to select and transmit through a wavelength kl of 
propagation light, while the optical filter 33 is to select and 
transmit through a wavelength Kl of propagation light. The 
propagation light introduced to the light detecting mechanism 
36 is converted to an electric signal to be turned into a 
reproduced signal, while the propagation light introduced to 
the light detecting mechanism 35 is converted into an electric 
signal to be turned into a distance control signal. Both are 
sent to the control mechanism 19. The control mechanism 19 
sends a control signal to the Z-axis control mechanism 14 in 
order to control the position of the microscopic aperture 12 
in a manner of holding a value represented by a distance control 
signal sent from the light detecting mechanism 35, thus 
effecting position control for the aperture element 11. it is 
also possible to incorporate a peak detecting mechanism to hold 
a detected peak value, similarly to Embodiment 1. Also, in the 
control mechanism 19 determination is made on a recording state 
of information in a reproducing position that the microscopic 
aperture 12 is arranged, based on a reproduced signal sent from 
the light detecting mechanism 36, thus achieving information 
reproduction . 

Therefore, it is possible to reproduce high density 
information recorded on this recording medium 10 and hold the 
aperture elfement 11 and the recording medium 10 in a proximity 
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state ^ both by the utilization of near-field light. Thus^ the 
recording apparatus is simplified in structure. Furthermore , 
a reproducing probe (flat-surface probe) without having 
sharpened tip can be used in the recording apparatus. 
Furthermore, it is possible to carry out information 
reproduction and aperture element proximity control with 
positiveness and reliability, by assigning and utilizing 
different wavelengths to laser light to be used for reproducing 
information recorded on the recording medium (information 
reproducing laser light) and laser light to be used for 
effecting proximity control for the aperture element (distance 
control laser light). 

Fig. 5 is a block diagram showing, in the recording 
apparatus explained in Fig. 4, a schematic structure of a 
recording apparatus in a case of detecting near-field light in 
an illumination mode. Incidentally, the parts common to those 
of Fig. 4 are attached with same reference characters. 

In Fig. 5, information reproducing laser light 
(wavelength of XI ) as explained in Fig. 4 is emitted from a laser 
light source 44, and introduced through a mirror 42 to a 
vyavelength combiner 41. Also, distance control laser light 
(wavelength of X2 ) as explained in Fig. 4 is emitted from a laser 
light source 43, and introduced to the wavelength combiner 41. 
The information reproducing laser light and distance control 
laser light introduced to the wavelength combiner 41 are 
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combined together and introduced to a light illumination 
optical system 27 where it is illuminated directed to the 
microscopic aperture 12 through the inverted conical hole of 
the aperture element 11. Due to this, near-field light is 
created in the microscopic aperture 12. The aperture element 
11 is brought into proximity to the recording medium 10 such 
that the surface of the recording medium 10 is positioned within 
a region of the created near-field light. Here, the near-field 
light created in the microscopic aperture 12 contains two 
different wavelength components {XI and X2). 

If the near-field light created in the microscopic 
aperture 12 reaches the surface of the recording medium 10, the 
near-field light is scattered by a fine structure in the surface 
of the recording medium 10. The scattered light (propagation 
light) is introduced and focused to the focusing optical system 
15 arranged on the back side of the recording medium 10. Thus, 
detection of near-field light is achieved in the illumination 
mode. The propagation light introduced to the focusing optical 
system 15 contains the afore-said two different wavelength 
components (XI and X2), which is separated of wavelength 
through a dichrpic mirror 31. The processing of propagation 
light through the dichroic mirror 31, i.e. creation of a 
reproduced signal and distance control signal as well as 
proximity control depending on the distance control signal, is 
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similar to the operation given in Fig. 4 and explanation thereof 
is omitted herein. 

Therefore, it is possible to reproduce high density 
information recorded on the recording medium 10 and hold the 
aperture element 11 and the recording medium 10 in a proximity 
state, both by the utilization of near-field light. Thus, the 
recording apparatus is simplified in structure. Furthermore, 
a reproducing probe (flat-surface probe) without having 
sharpened tip can be used in the recording apparatus. 
Furthermore, it is possible to carry out information 
reproduction and aperture element proximity control with 
positiveness and reliability, by assigning and utilizing 
different wavelengths to laser light to be used for reproducing 
information recorded on the recording medium (information 
reproducing laser light) and laser light to be used for 
effecting proximity control for the aperture element (distance 
control laser light). Also, because the illumination mode is 
adopted for detecting near-field light, the comparatively 
increased intensity of laser light to be introduced to the 
microscopic aperture makes possible to create intense near- 
field light, enabling localized thermal energy illumination. 
Therefore, besides reproduction of information recorded high 
in density, recording information with density is possible due 
to providing thermal energy. 
(Embodiment 3) 
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Fig, 6 is a block diagram showing a schematic structure 
of an information reproducing apparatus according to 
Embodiment 3 of the invention. A laser light source 201 is for 
example an Ar gas laser to emit wavelengths of 4 88 nm and 515 
nm of light. The light is selected of wavelength by an acoustic 
filter 202 and introduced to a near-field optical probe 203. 
The acoustic optical filter 202 is structured by a quartz 
crystal and an acoustic wave driver (not shown), and has an 
function to separate single color light from broad band light. 
The travel of an acoustic wave through the crystal causes 
distortion in the crystal lattice, which serves alike a 
grating. The acoustic filter has a function close to a 
transmission type filter. The selection wave can be narrowed 
in half-amplitude level down to an order of 1 nm. The near-field 
optical probe 203 is formed at its tip with a microscopic 
aperture of approximately 100 nm. In the present embodiment 
the near-field optical probe 203 is made by heating, extending, 
cutting and then Al-coating an optical fiber. This is the same 
as a method that is generally known as a conventional method 
of making a near-field optical probe for a near-field optical 
microscope i The near-field optical probe 203 is in proximity 
of several tens of nm to a surface of an information recording 
medium 206. Near-field light 205 is produced through a 
microscopic aperture at a tip of the near-field optical probe 
203. This is scattered by the surface of the information 
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recording medium 206 and turned into propagatable scattered 
light 208 to be detected by a light receiving element 204. Due 
to the use of the probe with such a microscopic aperture, the 
interacting light with the recording medium can have a 
principal component of near-field light. The detected signal 
is due to near-field light. The detected signal is sent to a 
signal processing circuit 214. The signal processing circuit 
214 outputs an output signal 215 and a signal sent to a control 
circuit 212. The control circuit 212 controls the operation 
of the acoustic optical filter 202, and outputs signals to 
actuators 207, 211 whereby a rough movement mechanism 210 and 
fine movement mechanism 209 controls the recording medium 206 
in a z-direction. 

The acoustic filter 202 can switch between two wavelength 
of X., = 488 nm and X, = 515 nm at a speed of 250 micro-second. 
Due to this, the near-field optical probe 203 is introduced 
alternately in time by two wavelengths of 488 nm and 515 nm of 
light. Near-field light 205 has a z-direction dependency of 
exponential function attenuation. However, because the 
exponential portion differs' depending on a wavelength, the 
near-field light when having X, as an input light wavelength 
has distribution spread far. Fig 7 shows a dependency of a 
near-field light intensity against a distance between the probe 
and the recording medium surface, in Fig. 7, the near-field 
light intensity represented by the vertical axis abruptly 
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attenuates as the distance between the probe and the recording 
medium surface increases. The inclination of attenuation 
depends on the wavelength. 

Fig. 8 is a top plan view of a part of the information 
recording medium 206. Data marks 220 are formed of a material 
different in reflectivity from a substrate. In the present 
embodiment, used was a substance that undergoes change due to 
local heating, e.g. a phase change film used in a phase change 
recording method, when the near-field optical probe 203 is 
scanned over the surface of the information, recording medium 
206, the magnitude of interaction between the near-field light 
205 and the recording medium surface 206 surface changes due 
to the presence or absence of the data mark 220. Fig. 9 shows 
as an example a difference in output light intensity for a 
wavelength of ?tj = 515 nm due to the presence or absence of the 
data mark 220. A similar figure will be obtained for = 488 



nm. 



Fig, 10 is a figure showing, by combining Fig. 7 and Fig. 
9, a dependency of an output signal intensity against an input 
wavelength and a presence or absence of a data mark. Discussed 
below a signal processing method. 

It is assumed that an output signal intensity 228 be 
obtained with a wavelength X, at a certain instance. At this 
time, there are a possibility A that no data mark is present 
under the probe with a distance 226 between the probe and the 



45 



recording medium, and a possibility B that a data mark is 
present under the probe with a distance 227 between the probe 
and the recording medium. Consequently, the wavelength is 
switched to X, before intentionally moving in distance the 
probe. For the case of the possibility A the output is at 230, 
while for the possibility B the output is at 229. If utilizing 
that 229 and 230 be necessarily different, two of information 
are obtained at the same time about a distance between the probe 
and the recording medium and a presence and absence of a data 
mark. It is preferred that^the distance between the probe and 
the recording medium be set such that a signal intensity 
obtained from four curves in Fig. 10 becomes the greatest, 
information on distance is given to the control circuit 212 so 
that actuators 207 and 211 respectively operate a fine movement 
mechanism 209 and a rough movement mechanism 210 to effect 
control for keeping a desirable distance. Also, information 
on a presence or distance of a data mark becomes an output signal 
of the present information reproducing apparatus. 

This could realize that the probe 203 is controlled in 
2-axis position without mechanically vibrating the probe 203 
in the z direction. A compact apparatus structure was realized 
without the necessity of a mechanism to vibrate the probe 203 
in the z direction and a mechanism to detect an amplitude of 
the vibration. Also, because the probe 203 was not physically 
in contact with the recording medium, damage to the probe and 
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recording medium was eliminated to occur. For Embodiments 1 
and 2, a signal peaK detecting mechanism 18 was required and 
turther, as stated before, information required for distance 
control was obtained after scanning the probe over a distance 
of nearly 8 times a minimum unit of a data mark size. In the 
present embodiment, however, peak detection is unnecessary and 

distance control is possible at a time stage that the pr6be has 

scanned by a data mark minimum unit. 

(Embodiment 4) 

Fig. U is a block diagram showing a schematic structure 
of an information reproducing apparatus according to 
Embodiment 4 of the Invention. The difference from Fig. 6 lies 
in that the near-field probe 231 used at its tip a probe having 
a Sharp projection of a size of approximately 100 nm Instead 
Of the microscopic aperture as In Fig. 6 and that incident light 
is introduced from the below of the recording medium 206 to 
produce near-field light 205 due to total reflection. Other 
points are same as those of Fig. 6 and explanation thereof is 
omitted, incident light is introduced onto a side surface of 
the recording medium 206 through an optical fiber (not shown) , 
which propagates inside the recording medium 206 through total 
reflection. Bear-field light 205 occurs in the surface of the 
recording medium 206 due to internal total reflection. The 
near-field light 205 differs in &s distribution of intensity 
depending on an optical characteristic of the recording medium 
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206 surface, i.e. the presence or absence of a data mark. The 
near-field light 205 is scattered by the near-field light probe 
231 into scattering light 208 to be detected by the light 
receiving element 204. This embodiment is the same as 
Embodiment 3 in that there is necessity to accurately control 
a distance between the near- field probe 231 and the according 
medium 206 surface. Further, the z direction dependency of 
near-field light is theoretically the same as that of 
Embodiment 3. Accordingly, it is possible to use the same 
method as that of Embodiment 3 . That is , input is made to switch 
between two wavelengths by an acoustic optical element 202. 
Using output signal intensities for them, the probe 231 can be 
controlled in z direction position through the control circuit 
212 without mechanically vibrating the probe 231. At the same 
time, information reproduction became possible from the memory 
medium 206. 

Thus there is unnecessity of using a mechanism to vibrate 
the probe 231 in the z direction and a mechanism to detect an 
amplitude of the vibration, thus realizing a compact apparatus 
structure. Also, because the probe 231 will not be in physical 
contact with the recording medium, eliminated is damage to the 
probe and recording medium due to such contact. 

Also, because the probe 231 does not require to have a 
microscopic aperture at its tip, the probe is facilitated to 
make. 
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(Embodiment 5) 

I„ the present e»bodi»ent. a flat-.urface probe 237 was 
„tUi.ea as a near-^ieia probe wnicn bas an Inverted conica. 
,oXe forced tneret.rou,n to provide a microscopic aperture as 
.tated before at the top. .i,- » snows a schematic structure 
an indorsation reproducing apparatus accordin, to 
raiments, .ne present e^odi^ent is si^iXar to .mbod^ent 
3 i„ apparatus general structure, operating -ecban.s. and 
,,,„ax processing circuit, detailed explanations being 
omitted. xne .iat-sur.ace probe according to the present 
em^di^ent is fabricated by a silicon process generally used 
tne conventional semiconductor manufacturing technology, 
xne light receiving element 233 comprises a photodiode or the 
liKe integrated on a silicon wafer. . silicon substrate can 
formed with an inverted conical hole by anisotropic etchrng 
.ilicon, on an inner surface of which ^ is film-formed as 
a reflection film 236 to prevent light from coming incident on 
the Silicon substrate and being absorbed by the silicon 
.nbstrate. xnput light 232 introduced through a lens syst^ 
or optical waveguide <not shown, produces near-f ield light 
,.om a microscopic aperture 23S formed at a tip of the probe. 
.He scattering light 208 caused resulting from interactron 

. 234 is detected by the light 

between this and a data mark: 234 

.eceivin, element 233. Because the . direction dependency o 
near-field light is theoretically the same as that o 



Embodiment 3, the probe can be controlled in -axis position by 
the same way as Embodiment 3 without giving mechanical 
vibration. At the same ti»e, information reproduction is 
possible from the according medium 206. 

Thus there is unnecessity of using a mechanism to vibrate 
the flat-surface probe 237 in the z direction and a mechanism 
to detect an aMplitude of the vibration, realizing a compact 
apparatus structure. Also, because the probe 237 will not be 
in physical contact with the recording medium, eliminated is 
damage to the probe and recording medium due to such contact. 
Mso, the adoption of the flat-surface probe achieved a compact 
apparatus structure. Furthermore, because the flat-surface 
probe can be fabricated by using a semiconductor manufacturing 
technology, mass production is feasible with reproducibility. 
Moreover, it is possible for the flat-surface probe 237 to use, 
as a scanning method over a recording medium, a flying head 
technique ,a wedge-formed taper is provided in a head including 
a probe through which air is fed to provide air flow between 
the probe and the recording medium surface to float|the head 
with respect to the recording medium due to balance with an 
previously-applied urging force on the head toward the 
recording medium) utilized in the conventional hard disc. 
(Embodiment 6) 

Fig. 13 is a block diagram showing a schematic structure 
of a information reproducing apparatus according to Embodiment 
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6 of the invention. This embodiment is different from Fig* 6 
in that no acoustic optical element 202 is provided that selects 
an input light wavelength from a laser light source 201 and 
instead a light receiving element is provided that has a light 
receiving element 238 for a wavelength Xi and a light receiving 
element 239 for a wavelength X2 and that the content of 
processing in a signal processing circuit 240 is different. 
Other points are the same as those of Fig. 6 and explanations 
thereof are omitted. The laser light source 201 emits light 
with wavelengths, for example, of 488 nm and 515 nm. The light 
is turned into near-field light 205 and interacts with the 
recording medium 206 resulting in scattering light 208. Here, 
the light receiving element 238 receives a wavelength of 
light and the light receiving element 239 receives a wavelength 
X2 of light. In the signal processing circuit 240, using these 
signals it is possible to simultaneously obtain distance 
information between the probe and the recording medium and 
information on the presence and absence of a data mark in Fig. 
10 explained in Embodiment 3. Among them, the distance 
information is sent to the control circuit 212 and used for 
probe-to-medium distance control through the rough movement 
mechanism 211 and fine movement mechanism 207 . The data mark 
presence or absence information is turned into an output signal 
215 of this information reproducing apparatus. 
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presen. e^oa^ent. because no acous.i. op..caX 
exe„en. p.ov.ae.. a s^ple app«a.us s«uc.u.e .eas^^- 
.„„.e, is possible .o s^oX.aneou.., C.a^n ou.p.. 
..,„axs aue .o .ne wave..... .n.e . " 

„eea « provide synCroni.a.ion v,itn .he xnpu. 

.i.plifyin9 the signal processing circuit. 

'^rt'^s a hiocK aia.a„ showin, a schematic structure 
.ntor^ation reproducing apparatus according to 
. .ion This e.*odii.ent is diflerent from 
Bmbodiment 7 f the invention. This emo 

3 finite vidtn Of an output iight vaveXengtn (typicaiiy, 
lexength haif width of approximate., iS nm for a light source 

X ^Afferentlv from gas laser, as 
vith a wavelength of 800 run) , dxf f erently ^ 

^ ^-^.nt 3 the attenuation of near-fxeld Ixght 
explained in Embodiment 3 , tne a 

• .onstronglydependentuponwavelength. In order 
in the z direction strongly a p \,^««4tv 
.o accurate!, control tne pro.e position, there.ls a necessity 
accurately select two wavelengths of light to .e utilised 
.ne use Of an acoustic optical element aO. selects and swlt. 
. i„ .ime particular two wavelengths from the light of the ..o 
.ignt source having a hroad range of wavelengths . .his resulted 
Jswitching hetween two wavelengths of light inputted to t 
„ear-field light prohe .03, and thereafter the prohe could he 
.ontrolled in . direction position h, the same operation n 
. embodiments, .his increased the Kinds of light sources to .e 



52 



utilized, m.kes possible to select optical wavelength light for 
probe position control. Mso, the LED light source, as an 
incoherent light source, could remove noise components to be 
occurred for a case using a coherent light source such as 
speckle . 

in this e,,a,odl»ent, it is possible to provide a structure 
without using an acoustic optical element, by using two light 
receiving elements similarly to Embodiment 6. 
( Embodiment 8 ) 

rig. 15 is a block diagram showing a schematic structure 
of a recording apparatus according Embodiment 8 . Incidentally, 
.he parts common to those of Fig. 1 are attached by the same 

reference characters. 

in Fig. 15, laser light 40 is illuminated directed from 
a back side of the recording medium 10 to the surface of the 
recording medium 10, preferably under a total reflection 
condition to the bacKside of the recording medium 10. Due to 
this, near-field light is created and localized in the surface 
ot the recording medium 10. The aperture element 11 is brought 
into proximity to the recording medium 10 such that the 
microscopic aperture 12 is positioned in a region of the 
localized near-field light. Here, the laser light 40 is light 
mixed with different modulation freguencies from each other of 
information reproducing laser light (modulation frequency fl, 
and distance control laser light (modulation frequency f2,. 
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The near-field light localized in the surface of the recording 
medium 10 also contains different two modulation frequency 
components • The laser light 40 containing two modulation 
frequency components is created by modulating^ in an optical 
modulator 54, the laser light emitted from the laser light 
source 53 to a modulation frequency f 1 assigned for information 
reproducing laser light and a modulation frequency f 2 assigned 
for distance control laser light based on a modulation signal 
sent from the control mechanism 59, and illuminated onto the 
recording medium 10 through a mirror 55. Also, such laser light 
40 containing two modulation frequency components may be 
created by directly performing frequency modulation within the 
laser light source 53 without using the optical modulator 54. 

When the microscopic aperture 12 is inserted in the 
localized near-field light region on the .recording medium 10, 
the near-field light is scattered by the microscopic aperture 
12. The scattered light (propagation light) is introduced 
through the microscopic aperture 12 to a focusing optical 
system 15 placed above the microscopic aperture 12. Thus, 
detection of near-field light is achieved in a collection mode 
as stated before. The propagation light introduced to the 
focusing optical system 15 is introduced through a mirror 16 
to a light detecting mechanism 17 and converted into an electric 
signal. The electric signal outputted from the light detecting 
mechanism 17 contains two different modulation frequency 
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components ,« ana «, similarly to the scatte.ea nea.-..e.a 
U,ht. and transmitted to an Intonation reproduced si.nal 
phase detector SX and distance si,nai phase detector S2. The 
.ntormation reproduced si,naX phase detector 51 receives from 
.he control mechanism 5, a detection reference signal for 

4- ^1 thereby deriving a 
extracting a frequency component fl, thereby 

. • «»i The distance signal phase detector 52 
reproduced sxgnal. The ais.*- 

receives from the control mechanism., a detection reference 
si,nal for extractin, a frequency component f2, therehy 
.erivin, a distance control signal.- The derived reproduced 
signal and distance control signal are respectively 
transmitted to the control mechanism 5, . .he control mechanrsm 

sends a control si,nal to the Z-axis control mechanism 
« control a position of the microscopic aperture 1. such that 
.eld is a value represented by a distance control signal sent 
,.om the distance signal phase detector S2, thus conducting 
position control of the aperture element U. .-o, ^in the 
control mechanism S, determined is a recording state of 
information in a reproduce position where the microscoprc 
aperture n is positioned, based on a reproduced signal 
transmitted from the information reproduced signal phase 
aetector 51, thus achieving information reproduction. 

therefore, it is possible to reproduce high density 
information recorded on the recording medium 10 and hold the 
aperture element U and the recording medium 10 in a proximity 
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state, both by the utilization of near-field light. Thus, the 
recording apparatus is simplified in structure. Furthermore, 
a reproducing probe (flat-surface probe) without having 
Sharpened tip can be used in the recording apparatus. 
Furthermore, it is possible tc carry out information 
reproduction and aperture element proximity control with 
positiveness and reliability, by assigning and utilizing 
different wavelengths to laser light to be used for reproducing 
information recorded on the recording medium (information 
reproducing laser light) and laser light to be used for 
effecting proximity control for the aperture element (distance 

control laser light). 

Fig. 16 is a structure view of a recording apparatus for 
a case, in the record apparatus explained in Fig. 15, of 
detecting near-field light in an illumination mode. 
; incidentally, the parts common to those of Fig. 15 are attached 
with the same reference characters. 

in Fig. 16, the laser light emitted from a laser light 
source 53 is frequency modulated by a optical modulator 54 to 
create laser light containing two modulation frequency 
components for information reproduction and distance control. 
The laser light is introduced through the mirror 26 to the light 
illumination optical system 27 , and illuminated directed to the 
microscopic aperture 12 through the inverted conical hole in 
the aperture element 11. Due to this, near-field light is 
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created in the microscopic aperture 12. The aperture element 
11 is brought into proximity to the recording medium 10 such 
that the surface of the recording medium 10 is positioned in 
a region of the created near-field light. Here, the near-field 
light created in the microscopic aperture 12 also contains two 
different frequency components (fl and f2). 

If the near-field light created by the microscopic 
aperturd 12 reaches the surface of the recording medium 10/ the 
near-field light is scattered by a fine structure on the surface 
of the recording medium 10. The scattered light (propagation 
light) is introduced to the focusing optical system 15 arranged 
on the back sade of the recording medium 10. Thus, detection 
of the near-field light is achieved in the illumination' mode. 
The propagation light introduced into the focusing optical 
system 15 is^i introduced to the light detecting mechanism 17 
through the mirror 16 and converted into an electric signal. 
The processing of an electric signal outputted from the light 
detecting mechanism 17, i.e. creation of a reproduced signal 
and distance, control signal and proximity control responsive 
to the distance control signal, is similar to operation^ shown 
in Fig. 5 and explanation thereof will be herein omitted. 

Consequenty, it is possible to reproduce the high density 
information recorded on the recording medium and hold a 
proximity state for the aperture element and the recording 
medium, both through utilization of near-field light. Thus, 
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the recording apparatus is simplified in structure. Further, 
a reproducing probe (flat-surface probe) without having a 
sharpened tip fcan be used in a recording apparatus. 
Furthermore, it is possible to carry out information 
reproduction and aperture element proximity control with 
positiveness and reliability, by assigning and utilizing 
different wavelengths to laser light to be used for reproducing 
information recorded on the recording medium (information 
reproducing laser light) and laser light to be used for 
effecting proximity control for the aperture element (distance 
control laser light). Also, because the illumination mode is 
adopted for detecting near-field light, local illumination of 
thermal energy is possible. Therefore, besides reproduction 
of information recorded high in density, recording information 
with density is possible due to providing thermal energy. 

In Embodiment 1, 2 or 8 explained above, although the 
aperture element (reproduce probe) used a flat-surface 
substrate (flat-surface probe) having a microscopic aperture, 
it is possible to use a cantilever type probe or optical fiber 
processed for near-field microscope. 

in particular, where the reproduce probe adopts a 
flat-surface probe, a collection mode can be achieved by 
. directly arranging a photodetector such as a photodiode or the 
. like, in place of the light detecting mechanism, at an upper 
^ surface portion opposite to the microscopic aperture. Fig. 17 
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is a block diagram showing a recording apparatus wherein the 
structure of Fig. 1 formed by the focusing optical system 15, 
the mirror 16 and the light detecting mechanism 17 is replaced 
with a light detector 61 directly arranged on the aperture 
element 11. 

As shown in Fig. 17, the arrangement of the light detector 
61 on the aperture element 11 can eliminate the structure having 
the focusing optical system 15, the mirror 16 and the light 
detecting mechanism 17, thus providing a further simplified 
recording apparatus. Furthermore, because the light detector 
61 is placed in an above position fully proximity to the 
microscopic aperture 12, it is possible to prevent loss of 
propagation light taken out of the microscopic aperture 12, 
obtaining an intense reproduced signal or distance control 
signal • 

Also, an illumination mode can be achieved by directly 
arranging a light illuminator such as a surface light emitting 
laser, in place of the laser light source, at an upper surface 
portion opposite to the microscopic aperture. Fig. 18 is a 
block diagram of showing a recording apparatus wherein the 
structure having the laser light source 25, the mirror 26 and 
the light illuminating optical system 27 in Fig. 3 is replaced 
with a light illuminator 62 directly arranged on the aperture 
element 11 . 
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AS shown in Fig. 18, the arrangement of a light illuminator 
62 on the aperture element 11 can eliminate a structure formed 
by the laser light source 25, the mirror 26 and the light 
illuminating optical system 27, thus providing a simplified 
recording apparatus. Also, because the light illuminator 62 
is arranged in an above position fully proximity to the 
microscopic aperture 12, sufficiently intense light with less 
propagation loss can be illuminated to the microscopic aperture 
12. This provides creation of sufficiently intense near-field 
light . 

Furthermore, by arranging a photodetector such as a 
photodiode in the vicinity of an edge of the microscopic 
aperture 12 on the aperture element 11, it is possible to 
eliminate a structure in Fig. 18 having the focusing optical 
system 15, the mirror 16 and the light detection mechanism 17. 
Fig. 19 is a block diagram of a recording apparatus having an 
amplifying mechanism 76 wherein the structure having the 
focusing optical system 15, the mirror 16 and the light 
detection mechanism 17 of Fig. 18 is replaced with 
photodetectors 74 and 75 directly arranged on the aperture 
element, so that an electric signal outputted by the 
photodetector 74 and 75 can be properly amplified and sent to 
the light detection mechanism 18 and control mechanism 19. 

AS shown in Fig. 19, the use of the aperture element 71 
arranged with the light illuminator 62 and the photodetectors 



60 



74 and 75 can eliminate not only the structure of the laser light 
source 25, the mirror 26 and the light illuminating optical 
system 27 but also the structure of the focusing optical system 
15, the mirror 16 and the light detection mechanism 17 . Thus, 
a simplified structured recording apparatus can be provided. 
Also, because the propagation light detection by the 
photodetectors 74 and 75 is for the near-field light created 
in the surface of the recording medium 10. Accordingly, it is 
possible to arrange on a recording medium 10 surface side the 
structure to create near-field light and the structure to 
detect propagation light due to scattering the near-field 
light, reducing the size of the apparatus. 

incidentally, it is needless to say that the aperture 
element 11 arranged with the photodetector 61 and the light 
illuminator 62 or the aperture element 71 arranged with the 
light illuminator and the photodetectors 74 and 75 shown in Fig. 
17, Fig. 18 and Fig. 19 is also applicable to the recording 
apparatus as explained in Embodiments 2 and 8. 
(Embodiment 9) 

Fig. 20 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 9. 
incidentally, the parts common to those of Fig. 1 are attached 
with the same reference characters. 

in Fig. 20, an aperture element 101 is a flat-surface 
substrate that two microscopic apertures 102 and 103 are formed 
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in the aperture element 11 explained in Embodiment 1. The 
microscopic apertures 102 and 103 are in a size suited for 
creating or scattering near-field light, e.g. having a diameter 
of several tens of nano-meters. Furthermore, on the aperture 
element 101 a z-axis control mechanism 14 is provided to control 
the microscopic apertures 102 and 103 in proximity to the 
recording medium 10. Here, the microscopic aperture 102 is a 
microscopic aperture used for information reproduction while 
the microscopic aperture 103 is a microscopic aperture used for 
control the aperture element 101 in proximity to the recording 
medium 10. 

in order to achieve information reproduction utilizing 
near-field light, laser light 100 is illuminated directed from 
a back side of the recording medium 10 to the surface of the 
recording medium 10, preferably under a total reflection 
condition to the backside of the recording medium 10. Due to 
this, near^field light is created and localized in the surface 
of the recording medium 10. The aperture element 101 is brought 
proximity to the recording medium 10 such that the microscopic 
apertures 102 and 103 are positioned in a region of the 
localized near-field light. 

When the microscopic apertures 102 and 103 are ^inserted 
in the localized near-field light region on the recording 
medium 10, the near-field light is scattered by the microscopic 
apertures 102 and 103. The scattered light (propagation light) 
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is introduced and collected through the microscopic apertures 
102 and 103 respectively to the focusing optical systems 105 
and 106 placed above the microscopic apertures 102 and 103. 
Thus, detection of near-field light is achieved in a collection 
mode. The propagation light created by the microscopic 
aperture 102 and introduced due to scattering to the focusing 
optical system 105 is introduced through a mirror 107 to a light 
detecting mechanism 110 and converted as a reproduced signal 
into an electric signal. Also, the propagation light created 
by the microscopic aperture 103 and introduced due to 
scattering to the focusing optical system 106 is introduced 
through a mirror 108 to a light detecting mechanism 109 and 
converted as a distance control signal into an electric signal. 
These reproduced signal and distance control signal are both 
sent to the control mechanism 19. The control mechanism 19 
transmits a control signal to the Z-axis control mechanism 14 
in order to control the microscopic aperture 103 such that a 
value represented by a distance control signal is held that is 
transmitted from the light detecting mechanism 109, thus 
controlling the position of the aperture element 101. Also, 
in the control mechanism 19 determination is made on a recording 
condition of information in a reproduce position where the 
microscopic aperture 102 is positioned based on the reproduced 
signal directly sent from the light detecting mechanism 110, 
thus achieving information reproduction. 
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Accordingly, it is possible to reproduce high density 
information recorded on the recording medium 10 and hold the 
aperture element 101 in proximity to the recording medium 10, 
both by utilizing near-field light. Thus, the recording 
apparatus is simplified in structure, and a reproduce probe 
without having a sharpened tip can be used for the recording 
apparatus. Furthermore, independently formed in the aperture 
element 101 are the microscopic aperture 102 used for 
reproducing information recorded on the recording medium 10 and 
the microscopic aperture 103 used for conducting proximity 
control of the aperture element 101. Consequenty, information 
reproduction and aperture element proximity control are 
possible with positiveness and reliability. 

Fig. 21 is a block diagram of a recording apparatus wherein 
in the recording apparatus explained in Fig. 20 a system formed 
by one mirror, the focusing optical system and the microscopic 
aperture is utilized to enable information recording onto the 
recording medium 10. Incidentally, the parts common to those 
of Fig. 20 are attached with the same reference characters. 

In Fig. 21(a), a dichroic mirror 117 and a light 
illumination/focusing optical system 115, when conducting 
information reproduction, respectively function as the mirror 
107 and the focusing optical system 115 shown in Fig. 20. A 
laser light source 111 is a light illuminating means for 
recording information. When reproducing information, laser 
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light therefrom is blocked off by a shutter 112. Accordingly, 
the recording apparatus shown in Fig. 21(a) can effect 
information reproduction in a collection mode similar to the 
recording apparatus shown in Fig. 20. 

Fig. 21(b) shows a state wherein information recording is 
made to the recording medium 10 in the recording apparatus shown 
in Fig. 21(a). In Fig. 21(b), the shutter 112 releases laser 
light illuminated from the laser light source 111 from being 
blocked off, to conduct the laser light to the dichroic mirror 
117. Simultaneous with releasing the shutter 112, the laser 
light 100 illuminated from a back side of the recording medium 
10 is also blocked off from illuminating by a shielding means 
(not shown). Due to this, no near-field light is created on 
the surface of the recording medium 10. Consequently, neither 
a reproduced signal nor a distance control signal are outputted 
from the light detecting mechanisms 109 and 110. 

The laser light incident on the dichroic mirror 117 is 
introduced to the light illuminating/focusing optical system 
115. On this occasion, the light illuminating/ focusing optical 
system 115 serves as a focusing optical system. The laser light 
focused by the light illuminating/focusing optical system 115 
is introduced to the microscopic aperture 102 to create 
near-field light. This near-field light can have comparatively 
high intensity in proportion to the intensity of laser light 
emitted at the laser light source 111. 
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Incidentally, the recording medium 10 has in its surface 
a material to be changed in physical property or structure by 
the localized application of thermal energy. Due to this, for 
example binary information of high density recording is 
possible. The recorded information can be reproduced by the 
recording apparatus in the state shown in Fig. 21(a). 

Consequently, realized are information reproduction in 
the collection mode and proximity control of the aperture 
element 101. Further, the provision of the laser light source 
111 and the shutter 112 makes possible localized application 
of thermal energy in the illumination mode, enabling high 
density information recording. 

Fig. 22 is a block diagram of a recording apparatus wherein 
in the recording apparatus explained in Fig. 20 near-field 
light is detected in the afore-said illumination mode. 
Incidentally, the parts common to those of Fig. 20 are attached 
with the same reference characters. 

In Fig. 22, the laser light emitted from a laser light 
source 111 is introduced through the mirror 113 to the light 
illumination optical system 115, and illuminated directed to 
the microscopic aperture 102 through the inverted conical hole 
in the aperture element 101. Due to this, near-field light is 
created in the microscopic aperture 102. Also, the laser light 
emitted from a laser light source 112 is introduced through the 
mirror 114 to the light illumination optical system 116, and 
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illuminated directed to the microscopic aperture 103 through 
the inverted conical hole in the aperture element 101. Due to 
this, near-field light is created in the microscopic aperture 
103. The aperture element 101 is brought into proximity to the 
recording medium 10 such that the surface of the recording 
medium 10 is positioned in a region of the near-field light 
created in the microscopic apertures 102 and 103. 

If the regions of near-field light created by the 
microscopic apertures 102 and 103 reach the surface of the 
recording medium 10, the near-field light is scattered by a fine 
structure on the surface of the recording medium 10. The 
scattered light (propagation light) is introduced and focused 
to the focusing optical systems 105 and 106 arranged on the back 
side of the recording medium 10. Thus, detection of the 
near-field light is achieved in the illumination mode. The 
propagation light created by the microscopic aperture 102 and 
introduced through scattering into the focusing optical system 
105 is introduced to the light detecting mechanism 110 through 
the mirror 107 and converted as a reproduced signal into an 
electric signal. Also, the propagation light created by the 
microscopic aperture 103 and introduced through scattering 
into the focusing optical system 106 is introduced to the light 
detecting mechanism 109 through the mirror 108 and converted 
as a distance control signal into an electric signal. The 
processing of these reproduced signal and distance control 



signal, i.e. creation of a reproduction signal and distance 
control signal and proximity control in accordance with the 
distance control signal, are similar to the operations shown 
in Fig. 20, explanations thereof being omitted herein. 

Consequenty, it is possible to reproduce the high density 
information recorded on the recording medium 10 and hold a 
proximity state for the aperture element 101 and the recording 
medium 10, both through utilization of near-field light. Thus, 
the recording apparatus is simplified in structure. Further, 
a reproducing probe (flat-surface probe) without having a 
sharpened tip can be used in a recording apparatus. 
Furthermore, independently formed in the aperture element 101 
are the microscopic aperture 102 used for reproducing 
information recorded on the recording medium 3 and the 
microscopic aperture 103 used for conducting proximity control 
of the aperture element 101. Consequenty, information 
reproduction and aperture element proximity control are 
possible with positiveness and reliability. Also, because the 
illumination mode is adopted for detecting near-field light, 
the comparatively increased intensity of laser light to be 
introduced to the microscopic aperture makes possible to create 
intense near-field light, enabling localized thermal energy 
illumination. Therefore, besides reproduction of information 
recorded high in density, recording information with density 
is possible due to providing thermal energy. 
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In Figs. 20 to 22 explained above, the detection of 
propagation light scattered by the microscopic apertures 102, 
103 is made through the corresponding focusing optical systems 
105, 106 to the microscopic apertures. Alternatively, in place 
of the focusing optical systems 105, 106, one optical lens 
system can be arranged so that the light focused by this optical 
lens system is separated based on wavelength or modulation 
frequency, thereby distinguishing propagation light portions 
due to the two microscopic apertures. 

Fig. 23 shows a recording apparatus structure view wherein 
in the recording apparatus explained in Fig. 22 the microscopic 
aperture 103 is utilized in the collection mode which is to 
perform proximity control the aperture element 101 to the 
recording medium 10. Incidentally, the parts common to those 
of Fig. 22 are attached with the same reference characters. 

As shown in Fig. 23, different creating schemes 
(illumination mode and collection mode) are applied for those 
of near-field light utilized in reproducing information 
recorded on the recording medium 10 and in proximity 
controlling the aperture element 101 to the recording medium 
10. Thus, it is possible to separately, positively detect a 
reproduced signal and a ? distance control signal without 
interference between those of near-field light. 

In Embodiment 9 explained above, by assigning different 
wavelengths or modulation frequencies to those of laser light 
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for creating near-field light to obtain a reproduced signal and 
distance control signal as explained in Embodiments 2 or 8, it 
is also possible to separately, effectively detect a reproduced 
signal and a distance control signal. 

Also, the aperture element (reproduce probe) can employ 
a cantilever type optical probe or optical fiber probe used for 
near-field microscopes . Incidentally, the aperture element 11 
arranged with the photodetector 61 and light illuminator 62 or 
the aperture element 71 arranged with the light illuminator, 
photodetectors 74 and 75 shown in Fig. 17, Fig. 18 and Fig. 19 
can apply for each microscopic aperture explained in Embodiment 
9. 

Furthermore, in Embodiments 1, 2 and 8, 9 the microscopic 
aperture utilized to detect a reproduced signal may be formed 
in plurality of number in the aperture element. In this case, 
a plurality of information recorded on the recording medium can 
be reproduced simultaneously. 
(Embodiment 10) 

Next, a recording apparatus according to Embodiment 10 is 
explained. The recording apparatus according to Embodiment 10 
is characterized in that a step is provided in an underside of 
the aperture element in the recording apparatus according to 
Embodiment 9 to provide respective microscopic apertures 
corresponding to the difference of the step. 
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Fig. 24 is a block diagram showing an aperture element of 
a recording apparatus according to Embodiment 10. In Fig. 24, 
an aperture element 121 has a step a to divide an underside into 
two. A microscopic aperture 122 and a microscopic aperture 123 
are provided corresponding to the respective undersides. In 
other words, in the microscopic apertures shown in Embodiment 
9 the aperture element 121 is a flat-surface substrate provided 
with a step between two microscopic apertures . The microscopic 
aperture 122 and microscopic aperture 123 are each of a size 
suited to create^ and scatter near-field light, e.g. having a 
diameter of several tens nano-meters . Furthermore, a Z-axis 
control mechanism 14 is provided on the aperture element 121 
to control the microscopic 102 and 103 portion in proximity to 
the according medium 10. Here, the microscopic aperture 122 
is a microscopic aperture used to reproduce information, while 
the microscopic aperture 123 is a microscopic aperture to 
control the aperture element 121 in proximity to the recording 
medium 10 and to create a signal relatively fixed to a signal 
to be detected in the microscopic aperture 122. 

The presence of the step a provides a difference in 
position to scatter near-field light created on the surface of 
the recording medium, i.e. in distance from the surface of the 
recording medium to the microscopic apertures. Consequently, 
for example the intensity of propagation light scattered by the 
microscopic aperture 122 and introduced to the light detecting 
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element 110 shown in Embodiment 9 is largely different from the 
intensity of propagation light scattered by the microscopic 
aperture 123 and introduced to the light detecting element 109 
shown in Embodiment 4. This is because the near-field light 
created on the surface of the recording medium has an intensity 
dependent upon a distance from the surface. 

Accordingly/ the propagation light scattered by the 
microscopic aperture 123 has an intensity always having a 
constant relative ratio to an intensity of the propagation 
light scattered by the microscopic aperture 122, based on a 
near-field light intensity difference as determined by a 
distance by the step a. Provided that an electric signal 
obtainable through detecting the propagation light scattered 
by the microscopic aperture 122 is SI and an electric signal 
obtainable through detecting the propagation light scattered 
by the microscopic aperture 123 is 52, the above relative ratio 
is calculated to (SI - S2)/S1, (Si - S2)/S2, S2/S1, S1/S2 or 
the like by an operation expression. The calculation of 
relative ratio is carried out, for example, only by the control 
mechanism 19 shown in Embodiment 4 . The processing the relative 
ratio as a distance control signal provides achievement of 
proximity control through the Z-axis control mechanism 14. 

Also, besides the flat-surface probe provided with a step 
as shown in Fig. 24, two optical fibers 132 and 133 may be 
bundled and placj^d to provide a vertical step a as shown in Fig 
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25. This offers for a similar effect to the aperture element 
121. Incidentally, in Fig. 25 a reproduce probe 131 is fixed 
with the optical fibers 132 and 133 in the flat-surface 
substrate wherein a Z-axis control mechanism 14 is arranged on 
the flat-surface substrate. The optical fiber 132 is used to 
detect a reproduced signal stated before, and has a core 134, 
a light shielding film 136 of chromium (Cr) or the like and a 
microscopic aperture 138. Near-field light is scattered in the 
microscopic aperture 138 to conduct created propagation light 
to the core 134. Also, the optical fiber 133 is used to detect 
a distance control signal stated before, and has a core 135, 
a light shielding film 137 of chromium (Cr) or the like and a 
microscopic aperture 139. Near-field light is scattered in the 
microscopic aperture 139 to conduct created propagation light 
to the core 135. 

The aperture element 121 and reproduce probe 131 of the 
recording apparatus according to Embodiment 10 explained above 
can be replaced with the aperture element 101 explained in 
Embodiment 9. Thus, information reproduction is feasible not 
only in the collection mode but also in the illumination mode. 

Accordingly, the microscopic aperture 123 with a step is 
used relative to the microscopic aperture 122 for reproduction 
signal detection so that a signal to be detected by the 
microscopic aperture 123 and a reproduced signal have a 
relative value to be used as a distance control signal for 
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conducting proximity control of the aperture element 121. 
Consequently, even where for example an intense reproduced 
signal cannot be obtained due to insufficient detection of 
information on the recording medium, a distance control signal 
is obtainable as a ratio to a reproduced signal with stable 
intensity. Thus, proximity control of the aperture element is 
feasible with reliability. 
(Embodiment 11) 

Next, explanation will be made on a recording apparatus 
according to Embodiment 11. The recording apparatus according 
to Embodiment 11 is characterized in that the effect given by 
the step between the two aperture elements of the recording 
apparatus according to Embodiment 10 is achieved by finely 
vibrate an aperture element having one microscopic aperture. 

Fig. 26 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodimeni: 11. 
Incidentally, the parts common to those of Fig. 1 are attached 
by the same reference characters. In Fig. 26, a fine vibration 
drive mechanism 141 is provided together with a Z-axis control 
mechanism 14 on an aperture element 11. The fine-vibration 
drive mechanism 141 provides a microscopic aperture 12 portion 
with vertical vibration in such an extent as the step a 
explained in Embodiment ^5, and operates according to a 
fine-drive signal sent from a fine-drive signal generating 
mechanism 14 2. 
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The near-field light created on the surface of the 
recording medium 10 due to laser light 20 illumination is 
scattered by the microscopic aperture 12 placed in proximity 
thereto. The propagation light created due to scattering is 
introduced to the focusing optical system 15 through the 
microscopic aperture 12 and then conducted to the light 
detecting mechanism 17 through the mirror 16 . On this occasion, 
the microscopic aperture 12 is vertically being vibrated by the 
fine-vibration drive mechanism 141. Because the near-field 
light to be scattered is different in intensity at between an 
uppermost point and lowermost point given with respect to the 
surface of the recording medium 10, an electric signal to be 
outputted from the light detecting mechanism 17 also represents 
a corresponding change of intensity to the vibration of the 
aperture element 11. 

Here, a signal to be correspondingly outputted from the 
light detecting mechanism 17 to a desired height of the 
microscopic aperture 12, e.g. a time point of positioned at the 
lowermost point, is a signal corresponding to the most intense 
neat field light created on the surface of the recording medium 
10. Accordingly, this signal is extracted as a reproduced 
signal by a rieproduced signal detecting mechanism 143 and sent 
to the control mechanism 19. Also, a signal to be 
correspondingly outputted from the light detecting mechanism 
17 to an above point of the desired height of the microscopic 
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aperture 12, e.g. a time point of positioned at the uppermost 
points is extracted as a to-be-operated signal by a to-be- 
operated signal detecting mechanism 144 and sent to the control 
mechanism 19. 

Incidentally, the detection of signals by the reproduced 
signal detecting mechanism 143 and to-be-operated signal 
detecting mechanism 144 can be made simultaneously with 
detection of a fine-drive signal to be outputted from the 
fine-drive signal generation mechanism 142. 

The control mechanism 19 is inputted by a reproduced 
signal and to-be-operated signal and calculates a relative 
ratio as stated above, thus creating a distance control signal. 
The distance control signal is sent to the. Z-axis control 
mechanism 14. Thus, proximity control of the aperture element 
11 is achieved due to the Z-axis control mechanism 14. 

Fig. 27 is a block diagram showing another embodiment of 
a recording apparatus which creates a reproduced signal and 
distance control signal due to vibration of one microscopic 
aperture. Incidentally, the parts common to those of Fig. 1 
are attached by the same reference characters. In Fig. 27, on 
the aperture element 151 a portion sufficient smaller in 
thickness than the flat-surface substrate as a base member or 
the aperture element 151 is projected downward. The projected 
portion is provided with a microscopic aperture 152. 
Furthermore, fine- vibration drive elements 153 and 154 are 
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provided at an upper surface of an edge of the microscopic 
aperture 152. A z-axis control mechanism 14 is provided on the 
aperture element 151. The fine- vibration drive elements 153 
and 154 provide vertical vibration to a microscopic aperture 
152 portion in such an extent as the step a explained in 
Embodiment 10, and operate according to a fine-drive signal 
sent from the fine-drive signal generating mechanism 155. 

The near-field light created on the surface of the 
according medium 10 due to illumination of laser light 20 is 
scattered by the microscopic aperture 152 positioned in 
proximity thereto. The propagation light created by the 
scattering is introduced to the focusing optical system 15 
through the microscopic aperture 152 ^ and then conducted to the 
light detecting mechanism 17 through the mirror 16. On this 
occasion, the microscopic aperture 152 is vertically vibrating 
due to the fine-vibration drive elements 153 and 154. Because 
the near-field light to be scattered is different in intensity 
at between an uppermost point and lowermost point given with 
respect to the surface of the recording medium 10, an electric 
signal to be outputted from the light detecting mechanism 17 
also exhibits a corresponding change of intensity to vibration 
of the aperture element 11. 

Here, similarly to the recording apparatus shown in Fig. 
,26, a signal to be correspondingly outputted from the light 
detecting mechanism 17 to a desired height of the microscopic 
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aperture 152, e.g. a time point of positioned at the lowermost 
point, is a signal corresponding to the most intense near-field 
light created on the surface of the recording medium 10. 
Accordingly, this signal is extracted as a reproduced signal 
by a reproduced signal detecting mechanism 156 and sent to the 
control mechanism 19. Also, a signal to be correspondingly 
outputted from the light detecting mechanism 17 to an above 
point of the desired height of the microscopic aperture 152, 
e.g. a time point of positioned at the uppermost point, is 
extracted as a to-be-operated signal by a to-be-operated signal 
detecting mechanism 157 and sent to the control mechanism 19. 
Incidentally, the detection of signals by the reproduced signal 
detecting mechanism 156 and to-be-operated signal detecting 
mechanism 157 can be made simultaneously with detection of a 
fine-drive signal to be outputted from the fine-drive signal 
generating mechanism 155. 

The control mechanism 19 is inputted by a reproduced 
signal and to-be-operated signal and calculates a relative 
ratio as stated above, thus creating a distance control signal. 
The distance control signal is sent to the Z-axis control 
mechanism 14. Thus, proximity control of the aperture element 
151 is achieved due to the Z-axis control mechanism 14. 

Accordingly, the'position at which near-field light is to 
be scattered is changed by vertically vibrating one microscopic 
aperture. A signal detected at a desired height, e.g. an 
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lowermost point, of the microscopic aperture, i,e. a reproduced 
signal and signal detected at an upper point, i.e. an uppermost 
point, than the desired height of the microscopic aperture have 
a relative value used as a distance control signal for 
conducting proximity control of the aperture element. 
Consequently, even where for example an intense reproduced 
signal cannot be obtained due to insufficient detection of 
information on the recording medium, a distance control signal 
is obtainable as a ratio to. a reproduced signal with stable 
intensity. Thus, proximity control of the aperture element is 
feasible with reliability. 
(Embodiment 12) 

Next, explained is a recording apparatus according to 
Embodiment 12 . The recording apparatus according to Embodiment 
12 is characterized in that, when information reproduction is 
made using the recording apparatus according to Embodiment 1, 
2 and 8 - 11 on an information unit recorded in a given regulated 
arrangement (track) on the recording medium, made possible is 
positioning control, or tracking control, to accurately 
arranging an information unit at a position beneath the 
microscopic aperture . 

Here, explanation will be made particularly on a recording 
apparatus providing various mechanisms for tacking control to 
the structure having the photodetector 61 shown in Fig. 17 
provided at each microscopic aperture 101 shown in Fig. 20. 
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Fig. 28 is a block diagram showing a schematic structure 
of a recording apparatus according to Embodiment 12. 
Incidentally, the parts common to those of Fig. 1 are attached 
with the same reference characters. In Fig. 28, an aperture 
element 161 is supported by an aperture element fixing 
mechanism 164 sandwiching a fine-vibration mechanism 165. On 
the aperture element fixing mechanism 164 a tracking mechanism 
166 is provided together with a Z-axis control mechanism 14. 
Photodetectors 162, 163 are respectively provided above two 
microscopic aperture {not shown) provided in the aperture 
element 161 so that a reproduced signal stated above is detected 
by the photodetector 162. 

The fine-vibration mechanism 165 is caused by a fine- 
vibration drive mechanism 171 to finely vibrate the aperture 
element 161 in a direction perpendicular to a direction of 
information unit arrangement (track direction) and a direction 
parallel with the recording medium surface on the recording 
medium. The fine-vibration drive mechanism 171 performs 
driving by inputted by a fine- vibration signal from the 
fine-vibration signal generating mechanism 172. 

Here, in a state that the microscopic aperture for 
reproduced signal detection is positioned on a track of the 
information recording medium, the reproduced signal outputted 
from the photodetector 162 exhibits high intensity. However, 
in a state that the microscopic aperture for reproduced signal 
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detection is deviated off. a tracks the reproduced signal 
outputted from the photodetector 162 exhibits low intensity. 
Accordingly, the reproduced signal to be outputted from the 
photodetector 162 is also changed in intensity depending on 
vibration of the aperture element 161 due to the above-stated 
fine-vibration mechanism 165. 

The signals outputted from the photodetectrs 162 and 163 
are both inputted to the control mechanism 19 to effect 
information reproduction in accord with a reproduced signal as 
well as proximity control responsive to a distance control 
signal. The reproduced signal outputted from the photodetector 
162 is also inputted together with the fine-vibration signal 
reproduce signal outputted from a fine- vibration signal 
generating mechanism 172. The tracking control mechanism 173 
creates a tracking signal to position the microscopic aperture 
on a track of the information recording medium by synchronously 
detecting a reproduced signal and fine-vibration signal, and 
sends the tracking signal to a tracking mechanism 166. That 
is, the tracking signal represents a deviation in vibration 
position between a reproduced signal in a vibration center of 
a fine-vibration signal and a reproduced signal representing 
a maximum value over vibration given by the fine-vibration 
signal. 

The tracking mechanism 166 causes the aperture element 161 
to displace in response to an input tracking signal. This 
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achieves tracking control of the aperture element 161. Thus, 
it is possible to keep the microscopic aperture on the track 
and obtain a preferred reproduced signal* 

Accordingly, tracking control is possible to the track on 
a recording medium. Because this tracking control provides a 
further stable reproduced signal, proximity control utilizing 
such a reproduced signal is also rendered possible. 

Incidentally, in Embodiments 1, 2 and 8 - 12, laser light 
used to create near-field light must not be coherent light. An 
LED or the like for incoherent light may be used. Furthermore, 
the fine-vibration mechanism or fine- vibration element for 
finely vibrating the aperture element uses a fine displacement 
mechanism such as a piezoelectric actuator, electrostatic 
actuator or the like. 
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